Objective: The aim of this study was to characterize the effects of red clover, black cohosh, and combined hormone therapy on cognitive function in comparison to placebo in women with moderate to severe vasomotor symptoms.
R eviews of randomized clinical trials have drawn attention to the potential efficacy of black cohosh and phytoestrogens for the treatment of menopausal symptoms. 1, 2 The need for long-term safety and efficacy studies of these botanical therapies gave rise to a companion article in this issue of Menopause describing a phase II randomized, double-blind, placebo-controlled trial in which 89 women (mean age, 53 y) with at least 35 vasomotor symptoms per week were randomized to one of four treatment arms: placebo, 0.625 mg conjugated equine estrogens plus 2.5 mg medroxyprogesterone acetate (CEE/MPA), black cohosh (128 mg), or red clover (120 mg). 3 Results from the companion article indicated that CEE/MPA but not red clover or black cohosh improved hot flashes and that there were no safety concerns associated with any treatment. Here we report findings from an ancillary study with the aim of examining the impact of the four treatments on cognitive function.
Although CEE/MPA (0.625 mg/2.5 mg) provides substantial hot flash relief, 4 three randomized, double-blind, placebo-controlled trials suggest that this particular preparation and dose of hormone therapy (HT) may be associated with impairment in verbal memory, with one study showing a trend (P G 0.06) toward a decrease in verbal memory in unadjusted analyses and a significant decrease in adjusted analyses (P = 0.04), 5 a second showing a significant decrease (P e 0.01), 6 and a third showing a trend toward a decrease (P = 0.06). 7 In these three CEE/MPA clinical trials, verbal memory refers to the learning and recollection of a word list soon after the initial presentation of the list (immediate recall) and after a delay period of 15 to 20 minutes (delayed recall).
Notably, none of the cohorts in the three trials comprised women who were experiencing substantial vasomotor symptoms and who, therefore, were most likely to consider HT for treatment purposes. There are at least two reasons to expect that CEE/MPA might affect memory differently in women with hot flashes. First, in a previous publication based on pretreatment baseline data from the present phase II study, we found that decreases in verbal memory were associated with increases in the number of objective hot flashes (ie, measured with ambulatory monitors). 8 Therefore, CEE/MPA might improve cognition in relation to improvements in hot flashes. Second, a systematic review of randomized, placebocontrolled clinical trials of estrogen alone found evidence that estrogen enhanced verbal memory in younger postmenopausal women, particularly those with menopausal symptoms. 9 To the extent that estrogen enhances cognition in symptomatic women, estrogen in combination with a progestin might confer the same benefit. On the other hand, preclinical studies suggest that MPA antagonizes the beneficial effects of estrogen on hippocampal function. 10 Despite substantial relevance for clinical practice, the cognitive effects of CEE/MPA on younger postmenopausal women with moderate to severe hot flashes are unknown.
Clinical trials of phytoestrogens and cognition have involved much smaller samples than trials of CEE/MPA and cognition, but there is evidence of cognitive benefit with certain phytoestrogens. Phytoestrogens are plant-derived compounds that have estrogenic and antiestrogenic properties. The chemical structure of phytoestrogens closely resembles that of estradiol. The binding affinity of phytoestrogens varies across estrogen receptor (ER) subtypes, tissue types, and specific phytoestrogen compounds. The phytoestrogens in soy and red clover (genistein and daidzein) bind more selectively to ER-A than to ER->, and their binding to ER-A can equal that of estradiol, whereas the transcriptional activity equals or exceeds that of estradiol, at least in supraphysiological doses. 11, 12 Phytoestrogens and estrogen share several common mechanisms of action that could enhance cognitive function, including increased choline acetyltransferase and brain-derived neurotrophic factor in the hippocampus and frontal cortex.
13<16 Consistent with these mechanisms of action, some randomized trials of phytoestrogen supplements have shown benefits to memory 17 and executive function 17<20 in postmenopausal women 66 years and younger. In contrast, no cognitive benefits were evident in a large trial (n = 191) involving both younger and older Chinese postmenopausal women 21 or a large trial (n = 202) involving older American postmenopausal women. 22 Thus, the clinical trial findings are inconsistent with respect to phytoestrogens and cognition.
To date, there have been no studies of the cognitive effects of black cohosh. Preclinical studies indicate that the black cohosh extract used in the present phase II clinical trial is a mixed competitive ligand and partial agonist at the human K-opiate receptor 23 and binds to serotonin receptor subtypes 5-hydroxytryptamine (5-HT) (1A), 5-HT(1D), and 5-HT(7), 24 but does not have estrogenic activity. 25 In light of these mechanisms of action, it seems unlikely that black cohosh would improve memory.
In the present study, we aimed to better understand the impact of botanical menopausal therapies and HT on cognitive function in the context of a phase II randomized, double-blind, placebo-controlled trial. Our sample represented women who typically initiate HT for clinical purposesVearly postmenopausal women with moderate to severe menopausal symptoms. The findings are aimed to complement results from the companion article and to show how these treatments affect not only vasomotor symptoms but also cognition. Our primary outcome was verbal memory. In light of the findings from previous clinical trials and despite the prevalence of vasomotor symptoms in this sample of women, we predicted that CEE/ MPA would decrease verbal memory, whereas red clover would improve verbal memory. In a subset of women, we also examined the impact of the four treatments on objective, physiological hot flashes measured with ambulatory skin conductance monitors. We predicted that CEE/MPA would have the largest impact on objectively measured hot flashes and that red clover and black cohosh would show a more modest but significant effect. Information about the potential benefits and risks of CEE/MPA in comparison to botanical therapies is critical in helping women to make informed choices about therapeutic options for menopausal symptoms.
METHODS

Participants
Participants were recruited from a pool of 89 women enrolled in a phase II randomized clinical trial that compared the effects of black cohosh, red clover, and CEE/MPA (0.625 mg/2.5 mg) on menopausal symptoms in comparison to placebo (see the companion article 3 ). In brief, women were recruited into the main clinical trial by advertisements on the Internet and bulletin boards and by targeted mailings to women residing in the Chicago area. Inclusion criteria for the parent clinical trial included the following: (1) last menstrual period 6 months to 10 years before recruitment; (2) reports of a minimum of 35 hot flashes per week as indicated by diaries (ie, minimum of 2 wk, most 1 mo or more); and (3) intact uterus and ovaries. Exclusion criteria included the following: (1) use of menopausal therapies, including oral HT within 2 months of study entry, transdermal estradiol within 1 month of study entry, and herbal botanicals within 1 month of study entry; (2) smoking; (3) contraindications to HT (eg, vascular disease, uncontrolled hypertension, abnormal vaginal bleeding, history of blood clots, diabetes, and abnormal mammogram); (4) use of antidepressants, selective estrogen receptor modulators, and bisphosphonates; and (5) major systemic illness. Additional exclusion criteria for this ancillary cognitive study included the following: (6) diagnosis of an axis I psychiatric disorder; (7) any medical condition that affects cognitive function (eg, stroke and traumatic brain injury); (8) use of prescription or over-the-counter medications that affect cognitive function (eg, Gingko biloba); (9) From the 89 women (mean age, 53 y) in the parent trial, we completed baseline cognitive assessments on 71 women (mean age, 53 y). Baseline data for one woman were invalid because she fell asleep during cognitive testing, leaving a sample of 70 valid baseline sessions. Eighteen women enrolled in the parent study were not enrolled into this ancillary cognitive study because English was not their first language (n = 9), they had a history of head injury with loss of consciousness for more than 1 hour (n = 2), they had a seizure disorder (n = 1), or their schedule would not accommodate another study (n = 6). Sixty-seven of the 70 women with valid baseline sessions completed their 12-month follow-up assessment. Of the three who did not complete their posttreatment follow-up, one woman was withdrawn because she stopped taking her study medication, and two women withdrew from the parent study and therefore did not complete follow-up in our substudy. Of the 67 women who completed their posttreatment follow-up assessment, 1 fell asleep during posttreatment cognitive assessment, so her data were deemed invalid and not included in the final analysis. One woman (red clover) was tested after 92 days of treatment because she then dropped out of the study; her data were included in the final analysis. Thus, the final sample size was 66.
Intervention and randomization
Using a double-blind approach, eligible participants were randomly assigned to receive CEE/MPA (0.625 mg/2.5 mg; Wyeth Pharmaceuticals, Philadelphia, PA), an ethanolic extract of black cohosh below ground parts (128 mg/d standardized to 7.27 mg triterpene glycosides), an ethanolic extract of the aerial parts of red clover (398 mg/d standardized to 120 mg isoflavone aglycones, specifically 57.5 mg biochanin A, 56.6 mg formononetin, 1.6 mg genistein, and 0.9 mg daidzein), or matching placebo daily during a 12-month period. Further details of these extracts, including preparation and botanical and chemical standardization, are described in the companion article 3 and in other articles 26, 27 and are based on studies conducted at the University of Illinois at Chicago/ National Institutes of Health Center for Botanical Dietary Supplements Research for Women's Health. A computergenerated code randomly assigned women into blocks of eight, with two women in each cluster to each of four treatment arms. Treatment adherence was monitored by pill counts and individual participant diary cards. Institutional review boards at each site approved the study, and written, informed consent was obtained from each participant. During the intervention, each participant consumed two capsules each evening containing black cohosh, red clover, CEE/MPA, or placebo. The study capsules were identical in appearance and taste, and there was no detectable odor for any of the preparations.
Measures of cognitive function
Each participant met one-on-one with a trained test administrator and completed a cognitive battery twice, once at a pretreatment baseline and once during the 12th month of treatment. The cognitive test battery was modeled after the cognitive test battery used in the Cognitive Complaints in Early Menopause Trial (COGENT), a study comparing the cognitive effects of HT and placebo in recently postmenopausal women with subjective cognitive complaints. 7 Each battery lasted approximately 1.5 hours and was administered either at the Center for Cognitive Medicine of the University of Illinois at Chicago (n = 48) or Northwestern University (n = 18). There were no significant differences in the cognitive testing procedures, randomization procedures, and management and recruitment of participants at the two sites because the core study team was the same at both sites. In the subset of women who completed objective hot flash assessments, hot flash monitors were worn either the day before or the day of cognitive testing at both the baseline and the 12-month assessments. The primary and secondary cognitive outcome variables are described in the following paragraphs. Parallel forms were used for the verbal memory outcome measures.
Primary outcome: verbal memory
California Verbal Learning Test (CVLT-modified). 28 This modified version of the CVLT was used in recent HT trials, including the Women's Health Initiative Study of Cognitive Aging (WHISCA) and COGENT. 6, 7 The test provides measures of verbal learning and short-and long-delay verbal recall. On each of three successive verbal learning trials, the examiner reads aloud a target list of 16 words from four semantic categories (eg, articles of clothing) and instructs the participant to recall as many words as possible. The examiner then reads aloud a different Binterference[ list of 16 words from overlapping and different semantic categories and instructs the participant to recall as many words as possible from that list. Next, the participant is instructed to recall as many words as possible from the original target list (shortdelay free recall), first without any categorical cues and then with categorical cues. After a 20-minute delay, the participant is instructed to recall the original target list (long-delay free recall), first without any categorical cues and then with categorical cues. Outcome measures included total verbal learning across trials 1 to 3 and short-and long-delay free recall.
Logical memory subtest of the Wechsler Memory ScaleY Revised. 29 This test yields a measure of immediate and delayed recall of a short story. Participants are read a brief story and are instructed to recall the story both immediately and after a 20-minute delay. Outcome measures included standardized scores of story recall accuracy both immediately after presentation and after a 20-minute delay, where the total scores range from 0 to 25.
Secondary outcomes
Benton Visual Retention Test. 30 This is a test of short-term figural memory. In each of 10 trials, participants view a geometric line drawing for 10 seconds and then immediately attempt to reproduce the drawing from memory on a blank sheet of paper. Stimulus complexity increases across the 10 trials. The dependent measure was the total number correct. 
Modified Card Rotations test.
31 This paper-and-pencil test provides a measure of visuospatial ability. On each trial, participants view a target line drawing of a geometric figure and eight alternatives representing two-or three-dimensional rotations of the target. Participants are instructed to mark the alternatives that show the sample drawing rotated in two dimensions (ie, picture plane) as Bsame[ and to mark those that show the sample drawing item rotated in three dimensions (ie, mirror images) as Bdifferent.[ The dependent measure was the number of correct responses minus the number of incorrect responses across two trials of 3 minutes each, with a maximal possible score of 160.
Letter Fluency. 30 This test provides a measure of verbal fluency. Participants are given 1 minute on each of three successive trials to generate as many words as possible that begin with a particular letter (ie, F, A, and S). They are instructed to refrain from saying proper names, such as the names of people or places, and from saying multiple variations of the same word (eg, eat and eating). The outcome measure was the total number of words produced across three trials.
Digit Span Forward and Backward. 29 This test provides measures of attention and working memory. In the first set of trials, the examiner reads a series of number strings aloud and instructs participants to repeat the string in the order presented (forward). In the next set of trials, the examiner reads a series of numbers aloud and instructs participants to repeat the string in the reverse order (backward). Outcome measures included the number of trials correctly recalled for the forward and backward trials.
Brief Test of AttentionYModified. 32, 33 This test measures auditory attention. On each trial, the examiner reads aloud a string of letters and numbers and instructs the participant to state aloud how many numbers were presented in each string. The strings increase in length across 10 trials, and the outcome measure was the total number of correct responses out of 10.
Finding As test. 34 This is a test measuring visuoperceptual speed. Participants are shown five columns of words on a sheet of paper and are instructed to cross out as many words containing the letter BA[ as possible in 2 minutes. The outcome measure was the total number of correct responses within 2 minutes.
Estimate of verbal intelligence
Primary Mental Abilities vocabulary test. 35 This is a paper-and-pencil vocabulary test that was included to estimate individual differences in verbal knowledge at baseline. In African Americans, verbal knowledge varies with acculturation, and accounting for acculturation improves the diagnostic accuracy of neuropsychological tests. 36 For each of 75 items, participants read a target word and circle its synonym out of four alternative responses. The outcome measure was the total number of correctly identified synonyms identified within 5 minutes, with a deduction of 0.33 for each incorrect answer to correct for guessing.
Memory Functioning Questionnaire (MFQ). 37 The MFQ is a 64-item measure of self-perception of everyday memory abilities. The outcome measure was the total score on the five subscalesVCurrent Memory, Retrospective Memory, Frequency of Forgetting, Seriousness of Forgetting, and Use of Memory Aids and Mnemonics. Lower scores are indicative of more subjective memory problems.
Positive and Negative Affect Scale. 38 This is a paper-andpencil self-report measure of positive and negative mood states. Participants rate a list of 10 pleasant mood states and 10 unpleasant mood states on a 5-point Likert scale based on the extent to which they experienced each state during the previous 2 weeks. Ratings for each item range from 1 to 5, with 1 indicating Bvery slightly[ and 5 indicating Bextremely.[ The total score for positive and negative is recorded separately and divided by 10 to yield a maximal score of 5 for each scale.
Diary measures of vasomotor symptoms. This was the primary outcome in the parent study. Women were instructed to maintain diaries for a minimum of 2 weeks before randomization and throughout the 12th months of the study. In these daily diaries, they recorded the number of vasomotor symptoms per day as well as the intensity, scored as 1 indicating Bslight,[ 2 Bmoderate,[ and 3 Bsevere.[ Any night sweat that interrupted sleep received an automatic intensity score of 3.
Objective measures of hot flashes
Participants were fitted with an ambulatory sternal skin conductance monitor (Biolog Model 3991x/2-HFI), with two skin conductance electrodes (UFI, Morro Bay, CA) connected to the sternum by adhesive electrode pads (1081-HFD; UFI) prepared with electrode gel (CustomMed Apothecary). The monitor was placed inside a small pouch for participants to attach to their belt or sling over their shoulder for easy maneuvering throughout the recording session. Participants were instructed to wear the monitor for 24 hours and to refrain from immersing the electrodes in water during the recording period (eg, by showering). Both objective (ie, 92 Kmho increase in 30 s) and subjective (button press) hot flashes were recorded with the monitor according to standard procedures and criteria. 39 Participants were instructed to indicate when they subjectively experienced a hot flash by simultaneously pressing two buttons on the hot flash monitor, resulting in a time stamp, and by recording the time of occurrence, severity, bother, and activity at the time of the perceived hot flash in a diary. In each diary entry, severity and bother were recorded for each subjective hot flash. Participants rated hot flash severity and bother on a Likert scale ranging from 0 indicating Bno bother/not severe[ to 10 indicating Bvery bothersome/very severe.[ Activity at time of subjective hot flash was recorded by self-report in a diary. For the purposes of this investigation, only frequency data were used because severity data are not available for objective hot flashes that were not subjectively detected.
Raw hot flash data were transmitted from the Biolog monitor to a personal computer using the Biolog Interface Box. Skin conductance time series data in micromho units were read and displayed in a time-locked graph using specialized software (DPS v. computer software and data analysts trained by a national expert in this area (Janet Carpenter, PhD). Both the software and analysts defined an objective hot flash as a rapid rise in skin conductance of at least 2 Kmho during a 30-second period according to standard criteria. 39 Once an objective hot flash was coded, no other hot flashes were coded for the next 15 minutes according to standard procedures. 40 Any discrepancies were discussed and resolved by the two coders before entry of coded data into the database. The primary outcome variables were total numbers of objective and subjective hot flashes during the 24-hour study period.
Statistical analyses
Differences between the four treatment groups in baseline characteristics were examined using between-subject analysis of variance for continuous variables and by W 2 tests for categorical variables. The primary efficacy analysis was a multilevel random coefficient model that examined differences in linear rates of change between each of the active treatment groups and the placebo group on verbal memory from the baseline (pretreatment) assessment to the 12-month assessment (Appendix 1). Similar analyses were run on secondary outcome measures. Models were analyzed using Hierarchical Linear and Non-Linear Modeling 6.03. All analyses were two-tailed, P G 0.05, but because this is a phase II study, we also report trends (P G 0.10) and effect sizes (Cohen d calculated from raw change scores) where warranted. 41 Table 1 shows demographic and clinical information for the 66 participants. Participants ranged in age from 44 to 62 years (mean age, 53.13 y), and 53% were African American, 44% were white, 2% were Hispanic, and 1% were Asian. Overall, the four groups were similar across most sociodemographic and clinical variables, although there were significant differences between the groups in race, W 2 (9; n = 66) = 17.23, P = 0.03, and body mass index, F 1,62 = 3.85, P = 0.01. All analyses therefore were controlled for race and body mass index. Table 2 shows raw means and SDs for the verbal memory measures and shows mean change scores from baseline to 12 months, with positive values indicating higher scores at 12 months. At (pretreatment) baseline, there were no differences between the placebo and treatment groups, except for a trend for the CEE/MPA group to perform worse than the placebo group on CVLT short-delay free recall, t(60) = j1.73, P = 0.09. Irrespective of treatment group, participants showed a significant decline from baseline to 12 months on CVLT short-delay free recall, t(122) = j2.06, P = 0.04, perhaps because of the introduction of a more difficult parallel form at the second test administration. For the primary analysis of interest, compared with the placebo group, the CEE/MPA group showed greater decline in CVLT total learning from baseline to 12 months, although this effect just missed statistical significance, t(122) = j1.92, P = 0.057. Neither of the botanical treatment groups showed a change in verbal memory that differed or tended to differ from the placebo group (Ps 9 0.28). The magnitude of the effect size between CEE/MPA and placebo groups in verbal learning on the CVLT, based on Cohen d, was 0.65 SD units. As in the parent study, in this ancillary cognitive study, CEE/MPA significantly reduced the number and intensity of hot flashes from baseline to 12 months in the daily diaries compared with the placebo group, t(122) = j2.57, P = 0.01, and t(122) = j2.04, P = 0.04, respectively (Table 3) . Therefore, a follow-up analysis was conducted to examine whether controlling for the beneficial effect of CEE/MPA on hot flashes would alter the negative effect of CEE/MPA on CVLT total learning. This analysis was accomplished by adding the hot flash outcome from the parent study as a timevarying covariate in the standard mixed-effect model. After controlling for the vasomotor symptoms, the CEE/MPA group showed a significantly greater decline in total learning compared with the placebo group, t(120) = j1.84, P = 0.02. Thus, controlling for hot flashes did not mitigate against the negative effects of CEE/MPA on cognition.
RESULTS
Characteristics of the participants
Primary outcome Verbal memory
Objective hot flashes Figure 1 shows the number of daily subjective hot flashes (ie, by event markers) and the number of daily objective hot flashes (ie, by changes in skin conductance) from the subset of 19 women who completed the assessments with ambulatory hot flash monitors. At baseline, there were no significant group differences in either subjective or objective hot flashes (Ps 9 0.45). Irrespective of group, subjective hot flashes decreased from baseline to 12 months, t(122) = j2.64, P = 0.01. For the primary analysis of interest, compared with the placebo group, the CEE/MPA group showed a greater decline from baseline to 12 months in objective hot flashes, t(29) = j3.19, P G 0.001. The magnitude of change in objective hot flashes from baseline to 12 months was 0% for the placebo group, 33% for the red clover group, and 17% for the black cohosh group. Subjective hot flashes decreased significantly in each group, whereas objective hot flashes decreased significantly only in the CEE/MPA group. The correlation between objective hot flashes at baseline and at 12 months in the placebo group was 0.98. Table 3 shows raw means and SDs at baseline and at 12 months for the secondary outcome measures and shows the mean change scores between baseline and 12 months for the secondary outcome measures, with positive values indicating higher scores at 12 months. Regarding treatment differences, there was a greater decline in performance from baseline to 12 months on the digit span forward task in the CEE/MPA group compared with the placebo group, t(122) = j2.37, P = 0.02. There was also greater improvement in verbal fluency from baseline to 12 months in the CEE/MPA group compared with the placebo group, t(122) = 2.02, P = 0.045, and this effect was evident in the model that controlled for the tendency of the CEE/MPA group to perform worse than the placebo group on the verbal fluency task, t(60) = j1.70, P = 0.09. Neither of the botanical treatment groups showed a change in secondary outcome measures that differed or tended to differ from the placebo group (Ps 9 0.15).
Secondary outcomes
At baseline, the placebo group reported more retrospective forgetting on the MFQ compared with the CEE/MPA group, t(60) = j2.12, P = 0.04, and reported a greater seriousness of forgetting compared with the black cohosh and CEE/MPA groups, t(60) = j1.89, P = 0.06, and t(60) = j1.70, P = 0.095, respectively. Irrespective of treatment group, women showed a trend toward a significant decline from baseline to 12 months in seriousness of forgetting on the MFQ, t(122) = j1.97, P = 0.05. Regarding treatment differences, there were trends for the placebo group to report less seriousness in forgetting on the MFQ from baseline to 12 months compared with the black cohosh and CEE/MPA groups, t(122) = 1.84, P = 0.07, and t(122) = 1.88, P = 0.06, respectively.
DISCUSSION
The goal of the present phase II randomized, placebocontrolled trial was to examine the impact of botanical menopausal therapies and standard HT (ie, CEE/MPA) on verbal memory (primary outcome), other cognitive abilities, and objective hot flashes in midlife women with moderate to severe hot flashes. We predicted that CEE/MPA would decrease verbal memory, whereas red clover would improve verbal memory. Results indicated that in comparison to placebo, CEE/MPA decreased verbal learningVone of the five measures of verbal memoryValthough this effect just missed statistical significance (P = 0.056). The negative effect on verbal learning became stronger after controlling for the beneficial effect of CEE/MPA on hot flashes, P = 0.02. By contrast, red clover had no effect on verbal memory. In secondary outcomes, CEE/MPA decreased performance on immediate digit recall relative to placebo and improved performance on a letter fluency task. As predicted, black cohosh had no significant impact on any cognitive measure. Lastly, although each group showed a significant decrease in subjective hot flashes, only the CEE/MPA group showed a significant decrease in objective, physiological hot flashes.
The finding that CEE/MPA, at a near-significant level (P = 0.056), decreased verbal learning in younger postmenopausal women who are experiencing substantial vasomotor symptoms parallels findings from three trials involving older and younger women with mild vasomotor symptoms.
5<7
Although this effect was not statistically significant in this phase II trial, the effect size of 0.65 SDs (Cohen d) that considered large by common standards 41 reached significance after controlling for vasomotor symptoms (P = 0.02) and would have probably reached significance in a larger study of this population. In the Heart and Estrogen/Progestin Replacement Study, a trend toward a negative effect on verbal learning (P G 0.06) was reported after 4 years of treatment in 2,763 women (mean age, 67 y) with preexisting coronary disease, and this effect reached statistical significance (P = 0.04) after adjusting for age, education, years of postmenopausal, statin use, Geriatric Depression Scale score, alcohol drinks per week, hot flashes, and trouble sleeping. 5 In the WHISCA, a negative effect on verbal memory was evident after a long-term treatment (4-5 y) in a generally healthy sample of 1,416 women 65 years and older. 6 Specifically, CEE/MPA led to impairment in verbal learning (P G 0.009) and both short-and long-delay free recall (P G 0.016 and P G 0.015, respectively), whereas memory for figures was improved (P = 0.012). In the COGENT, impairments in short-and long-delay free recall (P G 0.054 and P G 0.066, respectively) were observed after 4 months of treatment in 180 healthy postmenopausal women aged 45 to 55 years. 7 Similar to these studies, the present results suggest that CEE/ MPA may decrease some aspects of verbal memory, especially word list learning, and this negative effect remains significant even after controlling for improvements in hot flashes. On the other hand, no negative impact of CEE/ MPA was seen on other verbal memory measures, including short-and long-delay recall in the present study.
On secondary outcome measures, CEE/MPA decreased performance on digit span forward (a test of attention) and improved performance on verbal fluency. Our digit span forward findings differ from those of COGENT, 7 where no effect was observed, but parallel some findings from WHISCA, where women randomized to CEE/MPA scored slightly lower at the initial assessment on digit span forward (P = 0.05) compared with women randomized to placebo. 6 Unlike the present study, the Heart and Estrogen/Progestin Replacement Study, COGENT, and WHISCA found no benefit of CEE/MPA on verbal fluency. On the other hand, some findings suggest that loss of estrogen might negatively impact verbal fluency, including the finding that verbal fluency decreases as women transition from premenopausal to perimenopausal stages. 42 Similar to previous studies involving larger samples of postmenopausal women, the present findings indicate no cognitive benefits from soy phytoestrogens. 21, 22 In contrast to findings from a 6-month randomized, placebo-controlled clinical trial involving 30 postmenopausal women 60 years and older, we did not find that red clover improved visuospatial abilities or decreased digit recall. 43 Also, in contrast to findings from a crossover study involving 77 young postmenopausal women, 19 we did not find an improvement in working memory as measured by digit span backward. Several randomized clinical studies of younger postmenopausal women have reported improvements in executive function measures of planning, set shifting, and category fluency with phytoestrogen supplements. 17<20 We cannot rule out the possibility that red clover might improve performance on such measures because they were not included in our test battery.
In a previous report based on baseline measures of cognitive performance from the present sample, we found that objective, physiological hot flashes were associated with worse verbal memory as measured by Paragraph Recall, but not on the CVLT. 8 This finding suggested that interventions that improve hot flashes might benefit memory. Such benefits might be due to fewer nighttime awakenings, prevention of any hippocampus dysfunction resulting from the cortisol released after a hot flash, 44 or some other factor. In the present study, we found that CEE/MPA improved objective hot flashes, but nevertheless worsened verbal learning on the CVLT. Thus, the negative impact of CEE/MPA on memory systems seems to override any cognitive benefit from CEE/ MPA associated with hot flash improvement. The antagonistic effects of MPA on hippocampal function 10 may be responsible for the opposing effects of CEE/MPA on hot flashes and memory. It remains to be seen whether other treatments that do not antagonize hippocampal function improve both hot flashes and memory function.
To our knowledge, this is the first study to examine the impact of HT and botanicals on objective hot flashes. Because of the small sample size (n = 19), the results should be taken with caution. As in a previous report, the present study found no impact of placebo on objective hot flash frequency despite improvements in subjective hot flash frequency. 45 Also, despite a small sample size, CEE/MPA was shown to significantly reduce objective hot flashes from 19 per day to close to 1 per day. Neither red clover nor black cohosh significantly reduced objective hot flashes. For red clover, there was a nonsignificant, 33% reduction in objective hot flashes. For black cohosh, there was a 17% reduction. In light of our small sample size, it is important to point out that larger clinical trials of phytoestrogens may reveal significant benefits of phytoestrogens on objective hot flashes.
CONCLUSIONS
The objective hot flash findings suggest future directions for clinical research. To our knowledge, this is the first study to look at changes in objective hot flashes within symptomatic naturally postmenopausal women over a time span of several months. The lack of change in objective hot flashes during a 12-month interval in the placebo group is somewhat surprising in light of expectations that hot flashes should begin to decrease without treatment over time. The high correlation (r = 0.98) between baseline and 12-month values for total number of daily objective hot flashes in the placebo group suggests that the measurements were reliable over time and that they were sensitive to individual differences. However, given the very small sample size, there is a need for larger studies exploring the natural history of changes in objective versus subjective hot flashes over time from perimenopausal and early postmenopausal stages to the late postmenopausal stage. Future studies are also needed to explore the extent to which objective hot flash responses in the red clover group may depend on a woman's status as an equol producer versus nonproducer. Intestinal bacteria produce Sequol, a potent phytochemical metabolite, from daidzein, and the amount of equol produced differs across individuals. Although daidzein comprises a small proportion of the red clover extract, formononetin comprises a large proportion of the extract and is a precursor of daidzein. 46 In a recent study of the effects of soy on menopausal symptoms, equolproducing women showed a reduction in hot flashes compared with placebo, but equol-nonproducers showed no reduction. 47 The present study has several limitations. First, the trial was a phase II study and therefore has a small sample size (n = 66) for the primary outcomes of interest and an even smaller sample size (n = 19) for the objective hot flash measures. Nevertheless, the results suggest that we are unlikely to find any cognitive benefits with red clover or black cohosh in larger studies because there was no suggestion of a benefit on any cognitive outcome. Second, the cognitive battery lacked executive measures of planning and mental flexibility, which might be particularly sensitive to phytoestrogen treatment. Third, the results are based on a sample in which 53% of the participants were African American. Although we controlled for race, the results may not generalize to other ethnic groups. Fourth, the form of HT under evaluation was CEE/MPA, and the cognitive findings may not reproduce in future studies of other estrogens and progestins, or other drug delivery systems (eg, transdermal). There is evidence, for example, for improvements in verbal memory with estradiol, 48, 49 CEE alone, 50 cyclic oral piperazine, 51 and estradiol valerate and dinogest. 52 Larger studies are needed to evaluate the robustness of these phase II findings and to fully evaluate their clinical significance. Fifth, we did not obtain plasma or urine concentration of primary isoflavones and their metabolites in this study. Although these concentrations are available from published phase I trial data, 46 it would have been helpful to have such values in this study and to have analyzed data from equol converters versus nonconverters based on those values. 53 Sixth, the loss of 26% of the participant population from the parent trial poses at least a potential threat to the validity of the initial randomized design and introduces a potential source of bias.
